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thermal  decorapositionYof  amaonium  perchlorate. 


In  the  present  work  -is-  investigated  the  effect  of  the  structure 
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elements  on  the  rate  of  the  nonisothermal  decomposition  of  ammonium 

i 

• • '~r  • ' : T 

perchlorate  (PX A)  .'^The  study  of  their_  thermal  resistance  under 


conditions  of  nonisothermal  heating  in  the  atmosphere. 


oxygen,  it  showed  that,  in  the  .final  stage  of  the  decomposition  of 


CO-Onr yJ-i&UdL. y JUO~KlcK  J^O  jO 

substance  is  ^xhiHifecd  the  sharp  and  intense  n™ ~Vr  -tie 


.in\_  inert  atmosphere  or._in  air  [J  ]..  T_he_observed  in  this  case  value  of 

heat  release  distorts  the  shape  of  the  curve  of  temperature  rise  at 
__.50-609  C . (Fig.  1).  Ihe^pcesence  of  this  effect'  and  the  temperature 
interval  of  its  manifestation  in  conjunction  with  data  [2-5]  about  the 


GUL*' 


..effectiveness.  o^_.tris_(c 


i)  (XU)  - in  an  increase 


! .AjCrcXh  _ . 

* 

in  the  rate  of  combustion  of  some  systems  on  the  basin-  of  PXA  and 


nitromethaneT'gTve  .grounds  to  assume  that  the -investigated  compounds 

will  turn  out  to  be  catalytically  active  in  the  processes  of  the 
_ thermal  decomposition  of  PXA.  and  similar  oxidizers. 


• — -H 


J 

{ 

t 


_ Fig.  1._  Mature  of  the.  distortion  of  the  shape  of  the  curve  of 


...  atoosphere,  cofreoBtc-a-ted  by  .oxygen  .(according  tor[  1 ])  : 1 - [Cu 


(CsH702)  2 1;  2 - [CO  (CsH702)  2 ];  3 - [CO  (C5H702)  ,];  4 - [Hn 


iCJ7 

The  conditions  of  the  obtaining  and  property  of  the  investigated  by  us 


p-diknphonal^ny x 


coapounds  Wn37  Rn2t  Cu?T  ^ >5r  CO2^  Fe3t  Cr^on  the 


^ (J  ■* 

basis  of  acetylacetono,  benzoyl  acetone,  di be naoi t£et <hw, 

"tA.*  i-4  o_t-\^CUCjU  O^jC,  

treft^HVri^tornt-setofttt,  henzoyltrif luoroaceto and  3-nitroacetylacetone 


are  described  earlier  [6,  71, 

.TTO  U~nr^Cnrrr\  __  

To i»»  14*»-  saf  cgTfrrti  foi  ov » n distribution  of  catalyst  in  the  bulk 

of  the  speciaen/sajnple  of  PXJL  is  used  the  procedure,  described  in  work 

[1].  The  effect  of  the  indicated  conpounds  on  rate  and  nature  of  the 

I 

deconposition  of  PKA  was  investigated  by  thernograviaetric.  method  on 

SL^AA^C^juC^ 

derivatograph  [8  3*  equipped  with  the  systea  of  the  seoti-en  of  decay 


products  froa  the  heated  space,  which  largely  eliainated  the  possible 
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Table  1.  Effect  of  the  p - of  d-eleaonts  of  the  type  [ an 

Cm 

(RCOCHCOR)nl  - -feo  rate  and  nature  of  the  theraal  decoaposit  ion  of  PXA. 


Key:  (1)  catalyst;  ^2)  teaperatnre  (®C)  and  the 

.A!  (Iv-'XXVL-nJ  -crv 

the  aass  (o/o)  of  the  first  and  second 



-oke.ft«£f W v ; (3)  the  tewperatures  of  beginning  and  end  of  the 

v>  <Y^rraAi 

looa/dg^tua1:  iTtriaa-^f  sass;  (4)  -ctm r-fe:  (5)  ligand.  

Table  1.  Effect  of  the  fi.  dilcetonates  of  d-elenents  of 

the  type  (M44  (RCOCIItOR  ),J-  on  rate  and  nature  of  the 

thermal  decomposition  of  PXA. 
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Ttsse/on  effect  p-diketonat«*  c*n  the  rate  of  nonisothermal 


decom position^ XA  .are  represented  . in.  Table  1. 


- Page  761, 


All  the  investigate;3  compounds,  withthe  exception  of  .the  tris 


) of  chromium  (III),  are  catalytically  a*e_  active  in 


the  process  of  the  thermal  decomposition. of  .PXA  under  nonisothermal 
conditions  and  accelerate  this  process  to  10  times.  Most  effective 
from  the  viewpoint. .of  shortening.  ifc  the  jd oration  of  process  as  a whole 


turn  out  to  be  the  compounds,  which  affect  predominantly  the  initial 


stages  of  the  decomposition  of  PXA  ( Pig.. „2)  . _ Host  effective  of  the 


number  of  examined  compounds  increase  the  degree  of  the  conversion  or 
PXA  from  15  to. .7 5 - 100o/o._  Jlt  is  characteristic  that  the  temperature 


cTv._-fcKk 


of  the  manifestation  of  the  first  exothermic 


curve^nPXA  does  not  .undergo  substantial  changes;  however,  the 
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; 

temperature  interval  of  the  full  expansion  of  PXA  in  the  presence  of 


catalysts  sharply  is  reduced  in  accordance  with  the  degree  of 


s’  prtening  Jn  the  duration  of  the  process  of  decomposition  of  the 


of  PXA.  The  most  effective  catalysts  prove  to  be  tfce 


derivatives  Cu2+and  CO2^  are  least  are  afctive  - Fe^and  Cr3i" 


OJUL>  i 

Intermediate  position  tfc^y  occupy  p-dikeionaty  Co3f  fin  ^and  Hn2^  ’ 

• 

In  proportion  to  the  complication  of  organic  ligand  is  c=*i=e©4 

^ ^ ^ . _ _ __  _ _ . ^ \ 

__  catalytic  activity  in  accordance  with  a change  in  the  electron- donor  1 


properties  of  ligands.  This  fact  finds  natural  explanation  under  the 


Siy&irtrVJTKJtjcX' 

assumption  about  the  initiation  of  the  oo*w*4e*cd  reaction,  by  means  of 

__ — — — 1 cLuourn# 

the  transfer  (redistribution)  of  charge  wjffch  the  coordination  cf 


reagents  with  catalyst,  since  in  this  case,  according  to  [9], 


catalytic  activity  depends  on  the  donor-acceptor  properties  of 


partners,  which  are  determined  by. the  Fermi  level  and  by  the 


oxidation-reduction  (catalytic)  capacities  of  reagents  and  catalyst. 


The  latter  completely  dei 


depend  on  the  parameters _of  the 


electronic  structure  of  molecules.  Actually  (Table  2),  there  is  a 
determined  interrelation  between,  the  stability,  of.  the -0-di.ketcna(& 


_ _0 9-2.7 -J.4 • . . . -PAGE 10.  ... 


*******#**EDIT0R:  PLEASE  CHECK  FOR  ALL  CYRILLIC  OR  UNCLEAR  ITEMS  OS 


THE  .TABLE  (FIGURE)  WHICH  HAY_ HAVE  BEEN .iEF.T  .DUT***'****** 


Table  2.  Dependence  of  the  catalytic  activity  of  the  p-diketonatw  of 


d-elements  of  the -type .{.M.  (RC0CHC081  LI  in  the. process  of  the  thermal 

C^ru - , — ’ 

decomposition  of  PXA  -Saw-  the  parameters  of  the  structure  of  catalyst. 


Key; (1)  BD-i^tusat; . (2)  clm'pqec.  r 


Bcrto  -thp-  „.uoe\ghjLcl  c^jLO^etd:^ 

13  M -Q;  H « i&f>a a/x-oo_.Qq5 


| Table  2.  Dependence  of  the  catalytic  activity 
of  the  0-  diketonates  of  d-elements  of  the  type 
|M«+  (RCOCHCOR1).!  in  the  proee5S  of  the  thermal 
- decomposition  of  PXA  on  the  parameters  of  the  structure 
of  catalyst. 


^ 0 fihKeiOMIT 

~w — “ 

M O.  AC- 10-’. 
daxJcM  [10] 

I2i 

•*  1 fl-.fllMTO- 

(U-13) 

. <3J 

tpu j $0\  lii  icc- 
kii  I1XA,  mum 

(FtfCJliO,),) 

1.65 

0 

il 

' (Cu(C*ll,0,)i) 

330 

0 

1.9 

. |Co(CtlJrO»)»] 

3.40 

0 

1.4 

|Cu  (C|«HfO>)i] 

— 

0.6 

U 

|Co(C|<l,,|0,),l 

- 

U 

V 

|Cv(C,HASF,),] 

- 

W 

1.0 

[Cu(C|JUO>Fi)i] 

— 

W 

1.4 

tC«HCHlCO)1CNOtW 

V 

0.7 

i 

1 

0 


— I 

t 

5 

\ 


nx 


09-27-74 


PAGE  11 


♦♦♦♦♦♦♦♦♦♦EDITOR:  PLEASE  CHECK  FOR  ALL  CYRILLIC  OR  UNCLEAR  ITEMS  ON 


THE  TABLE  (FIGURE)  WHICH  HAY  HAVE  BEEN  LEFT  OUT********** 


i.  2.  IHnJjLdJLotfga^y./pXA  with  addition^ 


Fig.  2.  i v {PXk  wi th  addition'lo/o  ®f  £-diketonatS& 


i 


(average  rate  of  of  the  temperature  19°  C 


- Qj2AJ 

rs  min)  . 


► 


r 


Jb^vnwentouCj^  

a)  the  tys  f \ - PXA;  2 - PXA  + [CO  (C10H902)  3];  3 - 


PXA  + [Bn  (C1oHq02)  3 3;-  4 - PXA  ♦ [ Cu  (Ci0H,02)  2];  5 - PXA  ♦ [ Fe  \ 

■ | 

: dJL  CLTu 

(C10H902)  3 1;  6 - PXA  + [CR  (CloH902)  3 ].  b)  the  fta brnsoiiWfcta>ty : 


l-“.  PXA;  2 - PXA  + [CO  (CjsHhOz)  ,3];_3„t  PXA  + [ Bn  _(Ct SHM o2)  4 - 


PXA  ♦ [CU  (C  i SH 1 1 02)  2]J  5 - PXA  ♦ [ Fe  (C15H1X02)  3]j  6 - PXA  ♦ [ CR 
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Page  763. 

l The  experimental  data  make  it  possible  to  arrange  the 


_ investigated  3-dikatonattf  according.to  the  degree^of  the  effect  of 


substituent’s  nature  on  catalytic  activity  in  the  following  series: 

-♦ 

> " CH,  CtHj  C,H,S  C,H,  C«HS  CH, 

— o»n  -fc  » H H 11  

CH*  CF,  CFj  C«H,  CH,  CH, 


The  obtained  sequence  to*»i€iea  tro  .the.  presence  of  the 


1 

I 

correlation  between  the  catalytic  activity  of  3-diketonat^eSr  in  the 
reaction  of  the. thermal  decomposition  of  PXA  and  the  total  i-aductiye 


constan 


— -pL  

t a * fewn- taffeta  ef-'tha.  s 


substituents  [11*  12]  in  0-diket;>ne 


civ.  xp  -*bji 

(Table  2),  hy  the  bning  indirect.,  characteristic  of  the  degree  of 


12 


to 


localixation  of  electron  density  (value  of  effective  charge)  on  the 


9 central  J.on  of  metal._  .The. .observed  .in  this  case  certain 


( 5 


,Y 
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disturbance/breakdown  of  lav/in  the  lower  part  of  the  Table, 


apparently,  is  connected  with  di- 


in, the  effect  of  the 


investigated  compounds  on  the  final  stages  of  the  decomposition  of  PXA 


•—  (Fig  ...2) 


Difficulties  in  the  study  of  process  are  here  connected  also  with 


....  the  .large  curvature.  of  the  corresponding. sections  of  the  curves,  of 


DTG  Ql  T r-  (juL^JvJlXX^O , 


The  obtained  results  .give  grounds  to.  assume  l»»bo  participation 


in  the 


of  catalysis  of  the  d-electron  of  metal  and  to 


...  determine  the  direction  of  the.triasfer.  of  ..charge  in  system'catalysts- 
reagents.  From  them  also  it  follows  that  in  spite  of  the  widespread 
.opinion,  in  accordance  with  which  the  catalysts  of  the  thermal 
decomposition  of  PXA  take  part  predominantly  in  the  high-temperature 
reactions  of  heterogeneous  decomposition  of  iriiloroy  acid  and  oxidation 
of  ammonia  [13],  at  least,  under  some  conditions,  catalyst  contributes 
..also  to  acceleration  and  the  low-temperature. stage  of  the  , ... 

decomposition  of  PXA,  which  leads  to  formation ^HC104  and  NH3. 


The  findings  make  it.  possible  to  assume  the  following  diagram  .of. 


1 


I 
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L _ , I $,  rTl  g J 

the  mechanism  o£  this  procass  (in  an  example  of  the  khe-fcafc^v  of  copped 


(II))  : 


+ nh; 

'££2?)  - 

Nil* 

cior 

+ Cl0^ 

— ■ 

nh3 

NH, 

cior 

HCIO« 

+.»* 

— <&3 

&& +,,+ 

NHj 

cior 


+ H+  — £&  — ' - +"°°* 

tv,*  »] 

NH,+  + Cior ► NIIj+HCIO« 

The  proposed  mechanise  agrees  with  known  charge  distribution  on 


OCfidfcTnOCfce  ) 

the  atoms  bi s - ( of  copper  (II)  [14].  The  velocity 


_L  

liaa  ion  and  the  cleavage  4>f 


of  the  coordination  of  ammonium  ion  and  the  cleavage  of  proton 

* i 

(especially  the  olaavige  of  proton)  it  depends  on  the  value  of 
positive  charge  on  the  atom  of  transition  metal.  It  must  be  noted 

also  that  this  complex  can  coordinate  the  determined  atomic  groupings 

1 

on  shoh-o  or  6th  place. 


Page  764, 


This  mechanism  agrees  also  with  the  established-above  dependence  of 
catalytic  activity  on  the  .value  .of  .effective  charge  on  central  atom. 


/ 


L 
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This  diagram  of  the  mechanism  of  catalytic  decomposition  PXA  agrees 


wall  with  the  conventional  concepts  about  the  mechanism  of  the  

- . 

tva h a t a li-fr ich e r, gdgo  decomposition  of  PXA-  The  examined  diagram  can  be, 

i 

apparently,  transferred,  also,  to  octahedral  complexes,  if  one 
considers  that  during  the  first  stage  of  reaction  under  the  considered 
conditions  can  occur  the  temperature  of  ligands  and  they 

become  coordina tfcm-iJrt^^atu rated,  in  the  same  way  as  this  vas 
observed  in  work  [153  curing  the  study  of  the  thermal  resistance  of 
the  coordinatMB-saturated  complexes  on  the  basis  of  t:  s f- 
diketonat$5  of  cobalt  (II).  It  goes  without  saying  th*t  the 
possibility  of  the  realization  of  concrete  intermediate  stages 
requires  supplementary  substantiation  and  expar iae.utal  confirmation. 
Nevertheless  it  seams  that  the  findings  can  be  the  basis  of  the 
directed  search  for  the  catalysts  of  the  considered  process. 


Preferable  turn  out  to  be  complexes  with  the  low  value  of  effective 

charge  on  the  atom  of  metal  and,  therefore,  with  ligands  with  the 

, / 

large  positive  values  of  the  inducti  constants  of  the  substituents. 


1 

i * 


, + y ; 
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